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Abstract—Reducing the current is a common method to ensure
the synchronous stability of a modular multilevel converter
(MMC) when there is a short-circuit fault at its AC side. However,
the uncertainty of the fault location of the AC system leads to a
significant difference in the maximum allowable stable operating
current during the fault. This paper proposes an adaptive MMC
fault-current control method using local phasor measurement
unit (PMU) measurements. Based on the estimated Thevenin
equivalent (TE) parameters of the system, the current can be
directly calculated to ensure the maximum output power of the
MMC during the fault. This control method does not rely on
off-line simulation and adapts itself to various fault conditions.
The effective measurements are firstly selected by the voltage
threshold and parameter constraints, which allow us to handle
the error due to the change on the system-side. The proposed
TE estimation method can fast track the change of the system
impedance without depending on the initial value and can deal
with the TE potential changes after a large disturbance. The
simulation shows that the TE estimation can accurately track the
TE parameters after the fault, and the current control instruction
during an MMC fault can ensure the maximum output power
of the MMC.
Index Terms—MMC; Power electronic stability; Phase-locked
loop; Thevenin equivalent.
I. INTRODUCTION
S ince the advent of high-voltage direct current (HVDC)transmission systems based on the voltage source con-
verter (VSC), they are playing an increasingly important
role in power systems [1], [2]. The application of modular
multilevel converter (MMC) greatly improves the VSC-HVDC
transmission capacity [3]. Besides, the characteristics of the
MMC also have a great impact on the transient characteristics
of a power system. The existing studies on MMC mainly focus
on small signal stability [4] and the DC fault characteristics
[5], whereas the synchronization stability caused by the AC
side fault is rarely studied. In [6]–[8], it was found that, when
there is a short-circuit fault in the AC power system, the
MMC is at risk of a loss of synchronization (LOS) with the
AC grid. The synchronization stability of the MMC is closely
related to the system’s Thevenin equivalent (TE) potential and
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impedance and to the MCC phase-locked loop (PLL) param-
eters and output active power current. Reducing the active
current of the MMC after the fault can effectively improve
the synchronization stability. Furthermore, the amplitude of the
current regulation is closely related to the equivalent potential
and impedance of the system after the fault. However, due
to the uncertainty of the fault location in the AC system, the
difference between the equivalent potential and the inductance
is large. In [6], the MCC active power current is reduced to
zero, which greatly improves the synchronization stability of
the MMC during the fault. However, it has a negative impact
on the stability of the AC power system by reducing the
MCC active power to zero. To increase the active power of
the MMC, the regulation of the active power current should
be adjusted according to the TE equivalent potential and
impedance of the system after the fault. Then, the maximum
power transmission is realized and the transient characteristics
of the AC power system can be improved while ensuring its
synchronous operation with the MMC. It can be seen that the
estimation of the TE parameters of the system after failure
becomes the key to control the MCC output current and change
it to a desired value.
The TE voltage and impedance depend on the power system
topology and parameters [9]. However, the TE of a large-scale
system is difficult to accurately evaluate in real-time. Facing
this challenge, methods based on local measurements have
been proposed in the literature [10]. They are mainly applied in
static voltage stability, which requires a change of the voltage
and current measurements on the load-side so as to guarantee
system observability. Some of the existing methods rely on
accurate initial values [11], [12], otherwise the measurements
are required to be sufficient enough to track the parameters.
Moreover, it is generally assumed that the TE parameters are
constant [13], or at least that the amplitude of the TE potential
is constant [14]. If this is not the case, then alternative methods
should be employed. For instance, Kalman filter methods may
be utilized to estimate the TE parameters [15], but they rely on
the preset covariance matrices of the process and measurement
noise. Furthermore, sufficient effective measurements are also
required to ensure the convergence.
Regarding the MMC connected to an AC power system,
it has the following characteristics. First, the MMC has a
fast response, and there will be a large voltage and current
change at the beginning of the fault, but it can quickly realize
the output current tracking reference current and reach the
new steady state. When the voltage and current enter the new
steady state, the system parameters are not observable. Second,
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the fault is usually accompanied by the sudden change of
TE parameters, so the initial value of parameters after the
failure is unknown. Thirdly, TE impedance is generally kept
constant after failure, but due to the dynamic response of
the system side, TE potential will continuously change. In
addition to the above problems, in order to meet the needs of
MMC stability control after failure, it is also required to track
parameter changes within tens of milliseconds, and the lack of
valid measurements also makes it difficult for some recursive
estimation methods to ensure accurate identification [11],
[12], [15]. Therefore, it is difficult to realize fast parameter
tracking under large disturbance in the existing TE parameter
estimation methods.
To address the aforementioned issues, an adaptive control
method to enhance MMC synchronous stability during failure
is proposed. According to the voltage change and parameter
constraints, the effective measurements from the local PMU
are first selected to reduce the influence of the system-side dis-
turbance. Then, the least squares method is used to estimate the
TE parameters. Finally, according to the synchronous stability
control characteristics of MMC, the current control instruction
is obtained to realize the maximum power transmission under
the synchronous and stable operation of MMC during the fault.
The rest of the paper is organized as follows. In Section II,
the synchronous stability of MMC connected to an ac system
are analyzed. In Section III, the TE estimation method is
proposed to track the change of the impedance. Numerical
results are conducted and analyzed in Section IV. Finally,
Section VI concludes the paper.
II. SYNCHRONOUS STABILITY ANALYSIS OF MMC
A. System Description
Fig. 1 shows the equivalent topology structure of MMC
connected to ac power grid. MMC adopts the control mode of
constant power control. ums denotes the voltage at the point
of common connection (PCC), umc is the output voltage of
MMC. ims is MMC output current, Ps and Qs are the active
and reactive power output of MMC, ue denotes equivalent
voltage of ac power grid, Zline denotes system equivalent
impedance, the Req and Leq are MMC equivalent resistance
and inductance, θPLL is PLL output phase, reference super-
script ”*” denotes references, the subscript ”dq” denotes dq
coordinates component . T represents parker change and the
transformation function. Based on PLL, MMC can detect the
frequency and phase of voltage of connected point, and then
the active power and reactive power output by MMC can be
controlled by controlling the output voltage of umc. Therefore,
the normal operation of PLL is the basis for MMC to keep
synchronously with ac system.
B. Existence of Equilibrium Points
The control block diagram of PLL is shown in Fig. 2. Firstly,
the three-phase voltage is transformed to the dq coordinate
system through the park transformation, and the q-axis voltage
is input into the PI controller, so as to track the voltage phase
and frequency of the system. In Fig. 2, ω0 is the fundamental
frequency of the system, ω1 is the output frequency of PLL,
Fig. 1. Diagram of MMC with control loops
Fig. 2. The control of PLL
and θPLL is the output phase angle of PLL. Similarly, θPLL
provides the angle for the MMC park transformation and
valve control. From Fig. 2, the condition for the existence
of equilibrium points of PLL can be defined as umsq = 0.
When a three-phase short circuit fault occurs in the ac system,
MMC can be equivalent to the current source [16], and the AC
system can be equivalent to the structure of voltage source and
impedance in series. Its equivalent circuit is shown in Fig. 3
and the voltage of q-axis at PCC point can be solved as
umsq = uEq + ω1Llineimd + imqRline (1)
In the dq coordinate system of MMC, uEq can be expressed
as
uEq = −uE sin (θPLL − θE) = −uE sin δ (2)
where θE is the phase of the system equivalent voltage source,
δ is the phase difference between the MMC and the system
equivalent voltage source. Consequently, (1) can be expressed
as
umsq = −uE sin δ + ω1Llineimd + imqRline (3)
Fig. 3. Equivalent circuit
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In order to ensure the existence of a steady-state operating
point of the system, PLL needs to be able to operate normally,
that is, umsq = 0 has a solution, which can be known
ω1Llineimd + imqRline = uE sin δ ≤ uE (4)
It can be seen from (2) that in order to ensure the existence of a
steady-state operating point of the system, the output current of
MMC needs to be adjusted according to the system equivalent
potential and impedance after the fault.
C. Transient Characteristic Analysis
According to the PLL control block diagram shown in Fig.
2, it can be obtained that the phase angle of the output of the
phase-locked loop is
θPLL =
∫
ω1 d t (5)
where
ω1 = ω0 + ∆ω
∆ω = KpPLL · umsq +KiPLL ·
∫
umsqdt
. (6)
where, KpPLL and KiPLL are the proportional coefficient and
integral coefficient of PLL proportional integral (PI) controller
respectively. Since
θE =
∫
ω0 d t, (7)
the phase angle between MMC and the ac system can be
expressed as
δ = θPLL − θE =
∫ (
KpPLL · umsq +KiPLL ·
∫
umsqdt
)
dt
(8)
When there are steady-state operating points in the system, it
is shown in Fig. 4. Set the initial power angle as δ0, then the
initial operating point of the system after the fault is point
a. According to (3), when umsq > 0, then ∆ω > 0, the
output frequency of PLL at MMC side will be higher than
the frequency f0 on the system side. Therefore, the output
phase angle of MMC will increase, and the system operating
point moves from point a to point b. When arriving at point
b, umsq = 0, but due to the integrator of the PI controller, ∆ω
is still higher than 0. As a result, the frequency of MMC is
still higher than the system frequency, so the operating point
exceeds point b to point c. That means umsq is going to be
less than 0 after it crosses b. Before reaching the point c, if
∆ω < 0, output phase angle of PLL will decrease, and begin
to return to point b, with the final stable at point b. When
reaching point c, if ∆ω is still higher than 0, the frequency of
MMC is higher than the system frequency. After exceeding the
point c, umsq > 0, the output phase angle of MMC is further
enlarged, causing the MMC lose of synchronization with the
ac system. So point b is the steady-state operating point, and
point c is the unstable operating point. According to Fig. 4,
when there is a steady-state operating point in the system, the
output current of MMC has an affect on the position of MMC’s
steady-state operating point and the synchronization stability
of MMC. Therefore, it is still necessary to further adjust the
current output of MMC according to the system equivalent
potential and impedance after the failure.
Fig. 4. Diagram of equilibrium
Substituting (3) into (8), the power angle equation of MMC
and ac system can be solved as

δ =
KiPLL
[
imsd
(
ω0 +

δ
)
Lline + imsqRline − uE sin δ
]
1−KpPLLimsdLline
−

δKiPLLuE cos δ
1−KPPLLimsdLline .
(9)
Generally, the damping coefficient of the PLL is set to 0.707
[17], that is, the PI parameter of the phase-locked loop is
certain, and the system’s equivalent potential and impedance
are certain after the fault of the ac system. Therefore, (9) can
be used for quantitative analysis of the influence of d-axis
current.
Fig. 5. Phase portraits in different imsd
The effect of MMC output current on transient stability is
shown in Fig. 5. It can be seen that when the d-axis current is
0.8 pu, the power angle cannot converge and the MMC loses
its synchronization stability with AC system. When the d-axis
current is 0.6 pu or 0.4 pu, the power angle can converg, and
the MMC can keep synchronous with the system. It can be
seen that when the system equivalent potential and equivalent
impedance are constant, the MMC output d-axis current has
an upper limit Imax, which can be obtained through (9).
In addition, due to the small resistance of the system, the
influence of the current on the transient stability of the q-axis
can be ignored. In order to ensure the synchronization stability
of the MMC, the d-axis current during the fault should not
exceed Imax, but in order to improve the power support during
the fault, the MMC should try to increase the d-axis current.
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Therefore, the fast detection of the equivalent potential and
equivalent reactance after system fault is of great significance
to the control of MMC.
III. TE PARAMETER ESTIMATION OF A POWER SYSTEM
SUBJECT TO A LARGE DISTURBANCE
After a fault, the TE impedance will change due to the
change of the system topology, so only post-fault measure-
ments are valid for estimating the updated impedance. In
general, the impedance can remain unchanged at least for a
short period due to the discrete characteristic of the topology
change. Thus, assuming the impedance is constant can still
hold if only using the post-fault measurements. However, the
TE potential will change due to the dynamic response on
the system-side. To this end, the influence of the system-side
change on the impedance estimation should be considered.
A. Error Analysis of the Impedance Estimate
First, let us display the TE equivalent circuit of the AC
system in Fig. 6. Within it, ~E is the TE potential, ~Z is the TE
impedance, ~V is the bus voltage and ~I is the current.
Fig. 6. TE seen from the load bus
Based on the Kirchhoff’s law, the following equation holds:(
IR −II
II IR
)(
R
X
)
=
(
VR
VI
)
−
(
ER
EI
)
. (10)
For two continuous PMU samples, the following equation
can be obtained:(
dIR −dII
dII dIR
)(
R
X
)
=
(
dVR
dVI
)
−
(
dER
dEI
)
, (11)
where d represents the variations within these two samples. It
can be further simplified as
dI · Z = dV − dE, (12)
yielding
1
‖dI−1‖ ‖dV − dE‖ ≤
1
‖Z‖ ≤
‖dI‖
‖dV − dE‖ , (13)
where ‖·‖ represents the Euclidean norm. Then we get
1
‖Z‖ ≤
‖dI‖
‖dV − dE‖ . (14)
Now, we can reformulate (12) as
dI · (Z + dZ) = dV. (15)
Here, dZ denotes the impedance error caused by dE, from
which we infer that dZ = dI−1dE. Thus, we have
‖dE‖
‖dI‖ ≤ ‖dZ‖ ≤
∥∥dI−1∥∥ ‖dE‖ . (16)
Define that the relative error δ = ‖dZ‖/‖Z‖. Using (14) and
(16), we have
1
‖dI‖ ‖dI−1‖
‖dE‖
‖dV − dE‖ ≤
‖dZ‖
‖Z‖ ≤
∥∥dI−1∥∥ ‖dI‖ ‖dE‖‖dV − dE‖ .
(17)
Since dI−1 = dIT /det(dI), it can be concluded that
‖dI‖ =
√
max eig [(dI)T dI] =
√
det(dI), (18)
‖dI−1‖ =
√
max eig [(dI−1)T dI−1] =
√
1
det(dI)
, (19)
yielding
∥∥dI−1∥∥ · ‖dI‖ = 1. Consequently, (17) can be
simplified as
δ =
‖dZ‖
‖Z‖ =
‖dE‖
‖dV − dE‖ . (20)
When ‖dV ‖ ≥ ‖dE‖,
δ =
‖dE‖
‖dV − dE‖ ≤
‖dE‖
‖dV ‖ − ‖dE‖ =
1
‖dV ‖ / ‖dE‖ − 1 .
(21)
Consequently, if it holds that
‖dV ‖ ≥ ( 1
k%
+ 1)‖dE‖, (22)
then δ will be less than k%. If we can find the upper bound
of ‖dE‖ , we can choose the measurements that satisfies
‖dV ‖ ≥ ( 1
k%
+ 1)dEmax (23)
to achieve accurate estimation.
B. The Upper Bound of the TE Potential Change
Obviously, the dynamic voltage response in the power
system will affect the abovementioned dE. Note that the TE
potential is the load-side open-circuit voltage. Based on the
equivalent circuit reduced to the dynamic regulators, such as
the generators, we have
~E( ~Y0 +
m∑
i=1
~Yi)−
m∑
i=1
~EGi ~Yi = 0, (24)
where ~EGi is the regulator potential, m is the number of regu-
lators, ~Yi = Gi+jBi is the branch admittance, ~Y0 = G0+jB0
is the transfer admittance to ground on the load-side. By
neglecting the transfer conductivity Gi of the branch and the
susceptance B0 to ground, we get the following incremental
form:
~dE(G0 +
m∑
i=1
jBi) =
m∑
i=1
~dEGijBi, (25)
yielding
∣∣ ~dE∣∣ =
∣∣ m∑
i=1
~dEGijBi
∣∣
∣∣G0 + m∑
i=1
jBi
∣∣ ≤
m∑
i=1
∣∣ ~dEGi∣∣∣∣Bi∣∣
m∑
i=1
∣∣Bi∣∣ ≤ max
{∣∣ ~dEGi∣∣} .
(26)
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Note that
∣∣ ~dE∣∣ is less than the variation of the fastest reg-
ulator in the vicinity of the MMC. So dEmax can be set to
max
{∣∣ ~dEGi∣∣}, which is the deviation between the initial
value and its maximum regulating limitation. In the latter, the
excitation system of the generator is taken as an example to
analyze dEmax. More specifically, for a generator using a flux-
decay model that is connected to an infinite bus, whose voltage
is described as U∠0 connected to a series impedance XS , its
internal potential E′q is expressed as
Td0′
dE′q
dt
+ E′q = Efd − (Xd −X ′d)Id, (27)
E′q − (X ′d +XS)Id − U cos δ = 0, (28)
where Td0′ is the d-axis transient open-circuit time constant,
Efd is the no-load potential, Xd is the d-axis synchronous
reactance, X ′d is the d-axis transient reactance, Id is the d-
axis current, and δ is the rotor angle. The incremental form
can be written as
Td0′
d∆E′q
dt
+ ∆E′q = ∆Efd − (Xd −X ′d)∆Id, (29)
∆E′q − (X ′d +XS)∆Id = 0, (30)
where the change of δ is neglected thanks to the fast sample
rate of the PMU device. Then we have
Td0′
d∆E′q
dt
+ C∆E′q = ∆Efd, (31)
where C = (Xd +XS)/(X ′d +XS), yielding
d∆E′q
dt
=
∆Efd
Td0′
e
− CT
d0′
t ≤ ∆Efdmax
Td0′
e
− CT
d0′
t ≤ ∆Efdmax
Td0′
,
(32)
where ∆Efdmax is the maximum change of the no-load po-
tential. In order to reduce the estimation error, ||dE|| should
be as small as possible. To this end, we choose the minimum
sampling time ∆T . Then the upper bound of the TE potential
change in the two adjacent measurements is given by
dEmax =
∆Efdmax∆T
Td0′
. (33)
Considering typical parameters T ′d0 = 5s, ∆Efdmax = 5 pu
[18], ∆T= 0.01s, then dEmax = 0.01 pu. Substituting dEmax
into (23), it can be known that if the error less than 10 % is
required, the screening threshold of voltage should be 0.11 pu.
C. TE Estimation Considering the Parameters Constraints
Note that the upper bound in (33) may be too large for some
minor faults. From (32), we can see that dE at two adjacent
measurements will decrease with time. Hence, we can reduce
the threshold appropriately to improve the applicability of the
method to minor faults. To reduce the uncertainties brought
by the adjustment of the threshold, we propose to add some
constraints for the parameters. The reasonable constraints for
the impedance and potential can be set as
0 ≤ X ≤ Xmax, R ≤ X,
∣∣ ~E∣∣ ≤ 1 pu. (34)
The constraints above are explained as follows. Since the
three-phase fault is equivalent to a new grounding branch
connected in parallel with the network topology, the equivalent
impedance of the system will decrease, and Xmax can be
set as the reactance calculated off-line before the fault. In
addition, the failure is generally accompanied by the decrease
of equivalent potential, so the upper bound of the potential
can be set as 1 pu. In addition, for high voltage power grids,
R is usually less than X . Above all, with the constraints of
TE parameters taken into account, this paper recommends the
voltage threshold of ‖dV ‖ ≥ 0.02 pu.
D. Main Steps of TE Estimation Algorithm
Now, we summarize the main steps of the proposed method
as shown below.
Step 1. Selecting the measurements. We select the measure-
ments within window m after the disturbance. The measure-
ments should meet the two following conditions:
i. ‖dV ‖ ≥ 0.02 pu.
ii. The TE parameters calculated by (10) and (11) assuming
dE = 0 are bounded by (34). Otherwise, the impedance will
not be updated.
Step 2. Estimating the impedance. At time n, the impedance
Zˆn can be solved using the selected measurements by
Zˆn = (Hn
THn)
−1Hn
TYn, (35)
where
Hn =

dIn−m+1
dIn−m+2
...
dIn
 , Yn =

dV n−m+1
dV n−m+2
...
dV n
 . (36)
Here, dIn and dVn represents dI and dV in time n,
respectively.
IV. NUMERICAL RESULTS
This section utilizes two cases to verify the proposed
method. Firstly, an ideal voltage source system is adopted, and
secondly, MMC is considered to be connected to a two-area
system with dynamic response characteristics.
A. Ideal Voltage Source System
The topology under the ideal voltage source is shown in
Fig. 7. The output power of MMC is set to be 0.8 pu. At
0.5 s, a three-phase short circuit fault occurred at the position
shown in Fig. 7. At 1.1 s,the L2 branch is disconnected and the
fault is cleared. The system parameters are as follows: ac rated
voltage 230 kV, dc rated voltage 500 kV, MMC rated power
750 MW, operating power 600MW. PLL damping coefficient
0.707, PLL limiting ±2.5 Hz , L1 = 0.05 H, L2 = 0.02 H,
L3 = 0.1 H, L4 = 0.01 H, voltage source potential of 1 pu.
Fig. 7. System topology under ideal voltage source
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1) TE parameter estimation: according to the circuit, the
equivalent inductance of the system during the failure is
calculated to be 0.107 H, and the equivalent voltage 0.285 pu.
This paper utilize three common methods as comparison. They
are,respectively, window-based least squares (LS), recursive
least squares (RLS) and −dV/dI which is based on the ratio of
voltage change and current change at adjacent moments. The
voltage variation ||dV || and estimated inductance are shown
in Fig. 8. Using the proposed threshold-based LS method, the
measurements larger than the voltage threshold and meeting
the constraints are selected for estimation. After the failure,
the equivalent inductance of the system is identified as 0.115
H at 0.54 s. The TE potential was calculated as 0.27 pu by
(18). RLS method cannot obtain the accurate estimation. This
is mainly because there is not a correct initial value after
the failure. For window-based LS and -dV/dI methods, the
inductance identified at the initial stage of the fault has a large
oscillation, and the inductance can be approximately tracked
slowly than the proposed method. Meanwhile, the estimated
impedance is not stable, resulting in a large fluctuation. Above
all, the proposed method based on the threshold shows the
advantage to the inductance estimation.
Fig. 8. TE estimation considering ideal voltage source. (a) ||dV || when
subject to a large disturbance; (b) the comparison of TE parameters estimation
using different methods
Fig. 9. Phase portraits of MMC based on TE estimation
2) Output current control of MMC: substituting the es-
timated inductance into (17), then, when the output d-axis
current of MMC is larger than 0.45 pu, MMC cannot keep
in sync with the system. Therefore, the output current of
MMC should be less than 0.45 pu, and the curve at different
current levels is shown in Fig. 9. The simulation results are
shown as Fig. 10, where isd is controlled as 0.55 pu during
the short circuit fault. It can be seen that, the output frequency
of PLL reaches the limit value and is higher than the voltage
source frequency. Therefore, the MMC is asynchronous with
the system as shown in Fig. 10(b). Meanwhile, it can be seen
that, from Fig. 10(c) and (d), when MMC is asynchronous with
the system, the voltage and the power are out of control and
unstable. However, when isd is controlled as 0.45 pu during
the fault, the MMC can keep synchronous with the system.
The voltage and power are stable during the fault as shown
in Fig. 11. The above results demonstrate the effectiveness of
the proposed current control method.
Fig. 10. Simulation curves when isd = 0.55 pu. (a) frequency; (b) angle; (c)
active/reactive power (d) voltage.
Fig. 11. Simulation curves when isd = 0.45 pu. (a) frequency; (b) angle; (c)
active/reactive power (d) voltage.
B. Two-area System
In this section, the two-area system [18] considering the
dynamics of ac system is used to test the proposed method.
MMC is connected to bus 7 with the double lines. The
inductance of single line from bus 7 to 12 is 0.01 H , and
the inductance of single line from bus 12 to 13 is 0.25 H .
Three-phase short circuit fault occurs in one of the line 12-13
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at 1 s. The fault occurs at a position of 0.2 H from bus 12.
The fault is cleared at 1.6 s.
Fig. 12. Two-area system with an MMC connected
1) TE parameters estimation: the equivalent inductance
seen from bus 7 to the system is 0.02 H , which can be
calculated by the circuit parameters. The equivalent parameters
after failure is the same with those in the previous section,
which is 0.107 H . Fig. 13 shows the voltage variation and
inductance estimation results. The equivalent inductance is
identified as 0.122 H at 1.04 s, and TE potential is 0.287 pu.
Comparing to other methods, the threshold-based LS method
can track the inductance faster and more accurately. It is noted
that after the fault is clear, the proposed method can still track
the post-fault inductance as 0.15 H , while the others methods
cannot track the inductance even within a longer time. At the
same time, the estimation of the post-fault inductance has a
large fluctuation when using other methods. That is because
when the MMC return stable, the measurements does not
change resulting that the system parameters are not observable.
Fig. 13. TE estimation considering dynamics of ac system. (a) ||dV || when
subject to a large disturbance; (b) the comparison of TE parameters estimation
using different methods
2) Output current control of MMC: based on (17), it can
be calculated when the output d-axis current of MMC is larger
than 0.5 pu, MMC cannot keep in sync with the system. When
isd = 0.55 pu, it can be seen from Fig. 14 that, the MMC
is asynchronous with the system and the voltage and power
are unstable. But when isd = 0.45 pu is set, the MMC is
synchronous with the system and the voltage and the power
output by MMC are stable as shown in Fig. 15. Above all, the
proposed method can still work well when considering the
system dynamics.
Fig. 14. Simulation curves when isd = 0.55 pu. (a) frequency; (b) angle; (c)
active/reactive power (d) voltage.
Fig. 15. Simulation curves when isd = 0.45 pu. (a) frequency; (b) angle; (c)
active/reactive power (d) voltage.
V. CONCLUSION AND FUTURE WORK
In this paper, an adaptive control method for synchroniza-
tion and stability during MMC failure based on the estimation
of TE parameters is proposed. This method does not rely
on off-line simulation strategy, but can obtain the current
instruction to ensure the synchronization and stability of MMC
according to the local PMU measurements. To this end, the
proposed method is adaptive to various fault conditions. The
proposed TE parameter estimation method can quickly identify
the grid equivalent parameters after the failure, independent
of the initial value, and without the limitation of constant
potential on the grid side.
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